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Abstract  –  Investigating the near-field interaction of a dipole source such as a single quantum-dot with 
nearby dimers such as bowties is a challenging problem because of the lack of analytical models and the 
difficulty to perform the experiment. We tackle this problem here by using a conformal transformation. 
We show how, in the electrostatic approximation, the bowtie and point dipole source can be transformed 
into the analytically solvable configuration of a periodic metal-insulator-metal and point dipole source 
configuration. The analytical solutions are validated with full-wave simulations.    
 
I. INTRODUCTION 
 
The study of the complex interaction between localized surface plasmons supported by metallic nanoparticles 
and quantum emitters is undertaking a great deal of both theoretical and experimental research [1]–[3]. Simple 
analytical solutions exist for canonical situations like a point dipole near a spherical nanoparticle, which have 
facilitated the design of experiments so far. However, the catalogue of possible nanoparticle shapes has 
expanded recently dramatically as a result of the new nanofabrication techniques [4], [5] and there is a need for 
analytical solutions that could give a fast yet accurate physical insight on the non-canonical situation.   
Among the wide range of shapes available nowadays, triangles have become widely used in pairs (the so-
called bowtie) given their strong field intensity at the apex or gap and larger operation bandwidth than nano-
dipoles [6]. Hence, we focus here on such system and study the behavior of the localized surface plasmons and 
the coupling of them with a localized emitter from a transformation optics perspective. This theoretical approach 
has been successfully applied to other nanosystems like nanowires, crescent-shaped cylinders and nanospheres 
[7]–[10] , and was used in the past for the resolution of complex microwave problems transforming them to a 
coordinate system with simpler solution [11], [12].  
 
 
II. FROM BOWTIE TO PERIODIC METAL-INSULATOR-METAL CONFIGURATION 
 
The system under study, whose analytical solution cannot be found in the literature, is sketched in Fig. 1(a). It 
is composed of a silver bowtie illuminated by a point dipole placed 1 nm away. For this work, the total length of 
the bowtie l’ is 20 nm, the arm angle θ' = 15 deg and the gap between arms (see inset in Fig. 1(a)) varies from 
0.3 to 2.7 nm. The material property of silver is taken from Palik’s experimental data in all the derivations and 
the Comsol simulations. If we apply the transformation z’ = ln(z), the configuration is transformed to the system 
shown in Fig. 1(b) [13]. This periodic metal-insulator-metal problem can be solved analytically under the 
electrostatic approximation. Since the system has a certain length, it can be decomposed in a set of modes with 
discrete angular momentum, n [10]. The resonant condition governing the discrete modes is: 
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 If the arms were touching at a single point, the transformed system would be infinite in length, and thus, the 
modes would no longer be discrete modes and a continuous surface plasmon polariton would be supported 
instead [10]. Therefore, the behavior of the original bowtie surface plasmons and their coupling with the 
localized emitter can be deduced in the transformed system with closed-form expressions.  
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Fig. 1. (a) Configuration under study: an emitter coupled to the localized surface plasmons supported by a bowtie. (b) The 
multislab problem that arises when the transformation z’ = ln(z) is applied to (a).   
 
 
III. ANALYTICAL AND NUMERICAL RESULTS 
 
The absorption cross section spectra computed analytically for different gap sizes and for a parallel and 
perpendicular dipole are plotted in Fig. 2(a,d). To facilitate the comparison with the full-wave simulations 
carried out with Comsol (Fig. 2(c,f)), specific gap values are plotted in Fig. 2(b, e). For the vertical polarization, 
we can see an absorption peak going from ~635 nm to ~520 nm as the gap is increased. This peak is associated 
to the localized surface plasmon of angular momentum n = 1 with a field pattern in the transformed space with 
anti-nodes at both ends and a node at the center. The second peak that emerges around ~450 nm for small gap 
sizes and also undergoes a blueshift as the gap size increases, corresponds to the next localized surface plasmon 
(n = 2). This second mode has three anti-nodes (two at both ends of the metallic slab and the third one at the 
centre) and two nodes. For the horizontal polarization, the fundamental and second mode appears at ~472 nm 
and ~417 nm, respectively, and they also show a blueshift with the gap size. By looking at the transformed 
system, the blueshift can be explained in very simple terms. An increase of the bowtie gap size is transformed 
into a decrease of the slab length. Hence, the resonant condition (1) is satisfied for shorter wavelength. 
The comparison between the analytical calculations and the simulations show good agreement. The 
discrepancies of the amplitude arise from the assumption that there is no radiative damping in the transformed 
space (i.e., there is no radiation at the two ends of the slab).  
 
 
VI. CONCLUSION 
 
The interaction between a nanobowtie and a localized dipole parallel and perpendicular to the dimer’s axis has 
been studied from a conformal transformation perspective. This approach provides physical insight on the 
problem and enables predicting the electromagnetic response of the system without the need of computational 
intensive simulations that have been, however, performed to validate the analytical work. This work holds 
promise for the rapid emerging field of bionanotechnology and quantum-plasmonics. 
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Fig. 2. Normalized absorption cross section as a function of gap size for a bowtie with 15 deg arm angle and illuminated 
by a vertical (top row) and horizontal (bottom row) dipole: analytical (a, b, d, e) and simulation (c, f) results. 
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